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I. EXECUTIVE SUMMARY
Deposition of chemicals from the atmosphere to the surfaces of the Great
Lake
s an
d c
atch
ment
area
s re
pres
ents
an i
mpor
tant
if n
ot d
omin
ant
mech
anis
m by
which toxic chemicals and nutrients enter that aquatic system. However, at
pres
ent,
it i
s no
t po
ssib
le
to p
rovi
de
accu
rate
and
prec
ise
esti
mate
s of
the
dep
osi
tio
nal
loa
din
gs
bec
aus
e:
l)
wet
dep
osi
tio
n m
eas
ure
men
ts
mad
e o
n l
and
are
not
nec
ess
ari
ly
rep
res
ent
ati
ve
of
ove
r-w
ate
r d
epo
sit
ion
; 2
) p
art
icl
e
dep
osi
tio
n t
o t
he
wat
er
sur
fac
e c
ann
ot
yet
be
mea
sur
ed
or
est
ima
ted
wit
h
con
fid
enc
e;
and
-3)
the
pro
ces
s o
f v
apo
r e
xch
ang
e b
etw
een
the
atm
osp
her
e a
nd
wate
r s
urfa
ce
is n
ot w
ell
know
n an
d 4)
for
many
of
the
comp
ound
s,
meas
urem
ent
and
ana
lyt
ica
l
pro
ced
ure
s
are
not
wel
l
est
abl
ish
ed.
Goals and Obiectives
The
goal
of t
he A
tmos
pher
ic D
epos
itio
n M
onit
orin
g Ta
sk
Forc
e is
to d
evel
op
a comprehensive plan to quantify the atmospheric input of selected
cont
amin
ants
to t
he G
reat
Lake
s an
d to
iden
tify
, wh
ere
poss
ible
. t
he s
ourc
es
of t
hese
cont
amin
ants
so t
hat
corr
ecti
ve m
easu
res
may
be d
evel
oped
and
implemented. Specific objectives of the plan include: l) the determination
of
conc
entr
atio
ns o
f se
lect
ed c
hemi
cal
cont
amin
ants
and
nutr
ient
s in
prec
ipit
atio
n an
d th
e at
mosp
here
; 2)
the
esti
mati
on o
f th
e an
nual
depo
siti
on
of t
hese
chemi
cals
to ea
ch of
the G
reat
Lakes
and b
asins
; 3)
the a
ssess
ment
of
temp
oral
and
spat
ial
tren
ds i
n de
posi
tion
of
thes
e ch
emic
al
Spec
ies;
4) t
he
deter
minat
ion
of th
e re
lativ
e co
ntrib
ution
of th
ese
speci
es f
rom m
ajor
sourc
es
or s
ourc
e r
egio
ns t
o de
posi
tion
at r
ecep
tor
area
s wi
thin
the
Grea
t La
kes
basi
n;
5) t
he p
rovi
sion
of i
nfor
mati
on
on t
he o
ccur
renc
e of
othe
r to
xic
11 t“n 5‘ :gjii', ‘if "’f‘: :‘ ‘1 7 “‘t:“ t”: Great L"=S basin,
‘..~./- ‘.-\..v—-
thus
serv
ing
as a
n ea
rly
warn
ing
of
i.pe
ndin
g en
viro
nmen
tal
prob
lems
.
In meeting these objectives. the task force plan tabled with the
Surveillance Hork Group of the Water Quality Board builds upon current
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information and ongoing monitoring activities and is structured to extend the
knowledge so accrued over the entire Great Lakes basin.
Details of the Monitoring Plan
The program consists of three phases of two years each encompassing
research and monitoring (Table 1). Phase I outlines research required to
resolve scientific questions relating to measurement and environmental
processes and the development of interpretative models; the resolution of
these questions should be provided in part through monitoring activities at
master (research) sites, one each in Canada and in the United States, located
in the upper and lower basins. Deliverables at the end of Phase I are an
assessment of atmospheric deposition methodology, including a design for the
routine monitoring network; and updated estimates of atmospheric deposition to
the Great Lakes. Nhile monitoring capabilities are being enhanced, the task
force strongly encourages the continuation of existing, albeit upgraded,
monitoring programs in the United States and Canada to provide the data for
ongoing evaluation of temporal and spatial gradients.
Phase II incorporates information from Phase I to initiate an abbreviated
monitoring network involving both master (research) and satellite (routine)
monitoring sites. Scientific questions on measurement and deposition
methodology will continue to be researched during Phase II. Deliverables at
the conclusion of Phase II are a reassessment of atmospheric deposition
methodology with a design for implementation of a full-scale monitoring
network; as well as updated estimates of atmospheric deposition to the Great
Lakes.
Phase III calls for deployment of an integrated atmospheric monitoring
precise estimates of atmospheric deposition to the Great Lakes provided every
two years.
The unique feature ofthis plan is the establishment of master (research)
sites during Phase I which serves to focus scientific activities at particular
loci. However, measurements to evaluate the effects of spatial heterogeneity

 _ 3 -
on siting will be made at any appropriate site and discrete laboratory and
field studies to gain more information on processes are envisaged. Necessary
emphasis will be given to the development and testing of integrated models as
well as process parameterization. Data bases for environmental measurements
and atmospheric source emissions will also be established.
The chemical species of interest are those identified as having a
potential adverse influence on the aquatic ecosystem of the Great Lakes. A
feature of this program is its flexibility, which should allow alterations to
be made in monitoring and measurement protocols as new pollutants are
identified. At present, the focus is on organochlorine and other toxic organic
compounds and selected traces metals such as lead and mercury. Reference is
made to the IJC/Hater Quality Board's list of Critical Pollutants,
particularly as modified at the Scarborough Workshop on Atmospheric Deposition
(Strachan and Eisenreich, l987).
The major scientific questions to be investigated may be separated into
those necessary for the establishment, operation and maintenance of a ‘
monitoring network (measurement) and those which pertain to estimating
over-lake deposition based on shoreline measurements (process). Questions to
be addressed for measurement purposes are:
inland vs shoreline vs open lake siting;
spatial variability;
temporal variability;
quality assurance and quality control;
meteorological method development;
analytical method development;
sampler method development;
indirect indicators of atmospheric input;
source apportionment and emissions;
site selection criteria; and,
d
d
t
o
c
o
x
l
o
a
n
J
i
n
-
d
_
.
a
O
0
activities in surface water in support of the deposition monitoring
plan.
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To estimate the magnitude of atmospheric deposition, the following
scientific questions should be addressed :
l. vapor/particle partitioning;
2. particle deposition velocity as a function of particle size, receptor
and meteorology;
3. mass transfer across the air-water interface;
solute partitioning between dissolved and particulate forms in
surface waters;
5. rain and snow scavenging of vapors and particles from the atmosphere
and;
6. extension of point measurement to lake and basin wide averages and
totals.
Plan Costs
The master sites described in this plan will be equipped with
meteorological and atmospheric sampling instrumentation. The meteorological
equipment should provide continuous measurement of temperature. wind speed and
direction, humidity and rainfall. Atmospheric samplers should characterize
atmospheric and precipitation concentrations of selected organic constituents
and surrogate measures of air quality such as Total Suspended Particulate
(TSP) and Polycyclic Organic Compounds (POC). The cost of instrumentation for
a master station is estimated to be $55K US; operational costs are estimated
as $30K per annum. Associated chemical analysis and interpretation costs are
estimated to be $125K per annum. Given the establishment of two master sites
in Phase I of the Plan, the cost of this phase is estimated to be $850K US
over the two years of operation. These costs do not include support of
r r -. .... __m_ . _ ~ ,_ . s: , ,s cc, s.wsl-sc:5t of
integrated models. The cost of the research program in support of the
monitoring network is anticipated to be comparable to the Phase I master
station costs. The sucess of the Plan requires support of both the research
and monitoring components.
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At this time, the number and geographic distribution of the master and
satellite sites for full implementation of the Plan is not known. A satellite
monitoring station is estimated to cost $35K for instrumentation, $13K per
annum for operation and $40K per annum for chemical analysis and data
interpretation. The estimated cost of a satellite site implemented in Phase
II or Phase III is $88K per annum.
Assuming full implementation of an atmospheric monitoring network
consisting of four (4) master sites and twenty (20) satellite sites, the
estimated costs of a Phase III network are $920K for equipment and $l680K per
annum for operation and analysis. These costs do not include research in
support ofmeasurement and process questions. The integrated, bi—national
atmospheric network will consist of 2 master sites and lo satellite sites in
both Canada and the United States. Locations selected for sampling sites
should consider climatological and pollution gradients (cold vs. moderate
regions; upper lakes vs lower lakes).
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II. INTRODUCTION
The atmosphere is now recognized as an important contributor of
anthropogenic organic compounds and toxic metals to the ecosystem burden of
the Great Lakes (e.g. Murphy and Rzeszutko, 1977; Strachan and Huneault, 1979;
Eisenreich et al. l981; Doskey and Andren, l98l; Murphy l984; Strachan 1985;
Strachan and Eisenreich, 1986, 1987). These studies support the hypothesis
that wet and dry deposition of PCBs to the upper Great Lakes dominate total
inputs from all sources, and the lower lakes receive at least a significant
fraction of total inputs via the atmosphere. As an example, Strachan and
Eisenreich (l987) using mass balance calculations show that the approximate
percentage of total PCB inputs deposited via the atmosphere is: Lake
Superior, 90; Lake Michigan, 58; Lake Huron, 78; Lake Erie, l3; Lake
Ontario, 7. Corresponding estimated percentages for benzo(a)pyrene are: Lake
Superior, 96; Lake Michigan, 86; Lake Huron, 80; Lake Erie, 79; Lake Ontario,
72. The low percentages of atmospheric inputs of PCBs to the lower lakes
indicate the presence of significant loadings to the Detroit and Niagara
Rivers from industrial sources and hazardous chemical disposal sites.
For most compounds of interest, insufficient data are available to
construct mass balances, For those compounds which have adequate data
available, large and unknown uncertainities in the mass balance result from a
poor understanding of transport terms.
Atmospheric inputs, combined with inputs from connecting channel and
tributary flows and river and industrial discharges, have resulted in the
accumulation of anthropogenic, toxic organic chemicals in fish, wildlife and
in humans in the basin.
Organic and inorganic chemicals are deposited in the Great Lakes from the
atmosphere (directly onto the lake surface) by precipitation (rain and snow).
dry deposition (particle) and vapor exchange at the air-water interface, as
illustrated in Figure l. Other sources include ground water, river inputs,
and direct municipal and industrial discharges.
 —
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These contaminants are lost from the water column of individual lake systems
by connecting channel or riverine outflows, sedimentation, volatilization and
in s
itu
degr
adat
ion
(e.g
. b
iode
grad
atio
n,
hydr
olys
is,
phot
olys
is,
ph
ot
oc
he
mi
ca
l
de
gr
ad
at
io
n)
.
‘
Rec
ent
stu
die
s
(Mu
rph
y 1
984
;
Mac
kay
et
a1.
198
6;
Eis
enr
eic
h 1
987
;
Swa
ckh
ame
r a
nd
Arm
str
ong
, 1
986
) i
ndi
cat
e t
hat
wat
er
to
air
tra
nsp
ort
is
a
maj
or
los
s p
roc
ess
for
pre
vio
usl
y
dep
osi
ted
PCB
s a
nd
per
hap
s m
any
oth
er
che
mic
als
.
Ino
rga
nic
con
tam
ina
nts
suc
h a
s l
ead
are
los
t b
y s
edi
men
tat
ion
and
bur
ial
in
dee
p l
ake
sed
ime
nts
.
Atm
osp
her
ic
tra
nsp
ort
and
dep
osi
tio
n o
f
spe
cif
ic
che
mic
al
con
tam
ina
nts
dep
end
in
par
t o
n t
he
dis
tri
but
ion
of
the
chem
ical
betw
een
the
part
icle
and
vapo
r ph
ases
in t
he a
tmos
pher
e,
the
size
dis
tri
but
ion
of
the
che
mic
al-
lad
en
par
tic
le
pha
se,
the
dis
tri
but
ion
of
the
che
mic
al
bet
wee
n t
he
dis
sol
ved
and
par
tic
le
pha
se
in
sur
fac
e w
ate
r a
nd
the
rel
ati
ve
rem
oval
eff
ici
enc
ies
of
eac
h c
hem
ica
l v
ia
wet
and
dry
dep
osi
tio
n.
Sinc
e m
any
toxi
c ch
emic
als
are
pers
ista
nt
and
have
rela
tive
ly l
ong
atmo
sphe
ric
half
-liv
es,
sour
ces
beyo
nd a
s we
ll
as w
ithi
n th
e Gr
eat
Lake
s ba
sin
may
be o
f im
port
ance
.
Pres
entl
y,
info
rmat
ion
on t
he p
hysi
cal
and
chem
ical
pro
per
tie
s,
pro
ces
ses
, p
oll
uta
nt
sou
rce
s a
nd
env
iro
nme
nta
l c
onc
ent
rat
ion
s a
re
ins
uff
ici
ent
to
con
str
uct
com
pre
hen
siv
e m
ode
ls
or
bud
get
s f
or
the
eva
lua
tio
n
of t
he
curr
ent
stat
e of
the
ecos
yste
m an
d to
pred
ict
its
resp
onse
to f
utur
e
chan
ges
in s
ourc
e st
reng
ths
(Str
acha
n an
d Ei
senr
eich
, 1
986,
1987
).
To r
educ
e
unc
ert
ain
ly
in
atm
osp
her
ic
dep
osi
tio
n e
sti
mat
es,
fie
ld
mea
sur
eme
nts
. c
omb
ine
d
wit
h l
abo
rat
ory
exp
eri
men
tat
ion
and
the
ore
tic
al
stu
die
s,
mus
t b
e c
ond
uct
ed.
The
Atm
osp
her
ic
Dep
osi
tio
n M
oni
tor
ing
Tas
k F
orc
e w
as
est
abl
ish
ed
und
er
the
Sur
vei
lla
nce
Wor
k G
rou
p,
wat
er
Qua
lit
y B
oar
d,
in
Feb
rua
ry
of
198
6 t
o p
rep
are
the
atm
osp
her
ic
cor
non
ent
of
the
Gre
at
Lak
es
Sur
vei
lla
nce
Pla
n.
Thi
s
com
pon
ent
nas
LU
vac
uum
,
in
a s
ci
en
ti
rw
wu
a-.
_.,
...
.-
.as.
..c.
.,
.V..
c...
atm
osp
her
ic
inp
ut
of
tox
ic
che
mic
als
to
the
Gre
at
Lak
es
bas
in
cou
ld
be
det
erm
ine
d a
nd
to
est
abl
ish
an
ear
ly
war
nin
g s
yst
em
for
eme
rgi
ng
con
tam
ina
tio
n
of the Great Lakes ecosystem.
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Thi
s
rep
ort
is
div
ide
d
her
eaf
ter
int
o
a
num
ber
of
sec
tio
ns.
sec
tio
n
111
pr
ov
id
es
th
e
ba
ck
gr
ou
nd
for
es
ta
bl
is
hm
en
t
of
th
e
Ta
sk
Fo
rc
e.
Se
ct
io
n
IV
li
st
s
the
goa
l
and
obj
ect
ive
s o
f t
he
Tas
k F
orc
e t
o d
eri
ve
an
atm
osp
her
ic
dep
osi
tio
n
mon
ito
rin
g p
lan
.
Sec
tio
n V
pro
vid
es
the
det
ail
s o
f t
he
pla
n a
nd
its
est
ima
ted
cost
s.
Sect
ion
VI p
rovi
des
reco
mmen
dati
ons
of t
he T
ask
Forc
e fo
r su
ppor
t of
the
mea
sur
eme
nt,
res
ear
ch
and
mod
eli
ng
aSp
ect
s o
f t
he
pla
n.
The
rat
ion
ale
for
the
pla
n
is
dis
cus
sed
in
a
bac
kgr
oun
d
doc
ume
nt
(IJ
C,
T98
7).
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III. BACKGROUND
In F
ebru
ary
l986
the
Grea
t La
kes
Inte
rnat
iona
l S
urve
illa
nce
Plan
(GLI
SP)
was
publ
ishe
d by
the
Inte
rnat
iona
l J
oint
Comm
issi
on
(IJC
).
The
plan
, p
repa
red
by the Surveillance Work Group of the Great Lakes Water Quality Board. is
requ
ired
unde
r th
e 19
78 G
reat
Lake
s Wa
ter
Qual
ity
Agre
emen
t.
It r
epre
sent
s an
upda
ted
and
expa
nded
vers
ion
of t
he G
reat
Lake
s In
tern
atio
nal
Surv
eill
ance
Plan of l980 (IJC l980). The most recent plan expands its focus to the
protection of the Great Lakes Basin Ecosystem rather than on water quality per
se.
More
emph
asis
has
been
give
n to
dete
ctio
n an
d id
enti
fica
tion
of e
merg
ing
prob
lems
and
to t
he q
uali
ty,
comp
atib
ilit
y an
d in
terp
reta
tion
of c
olle
cted
data.
Sinc
e.
for
many
inor
gani
c an
d or
gani
c po
llut
ants
the
atmo
sphe
re
prov
ides
an i
mpor
tant
, i
f no
t do
mina
nt,
rout
e of
entr
y to
the
Grea
t La
kes
basi
n, t
he
surv
eill
ance
plan
requ
ires
a co
mpre
hens
ive
atmo
sphe
ric
comp
onen
t.
Evid
ence
for t
he i
mport
ance
of t
he at
mosph
eric
pathw
ay i
s sum
mariz
ed i
n a
repor
t to
the
Scie
nce
Advi
sory
Boar
d in
l980
(Eis
enre
ich
et a
l.
1980
) an
d in
the
pre-
and
post
work
shop
repo
rts
base
d on
the
IJC-
spon
sore
d wo
rksh
op o
n at
mosp
heri
c
loadi
ngs
of to
xic
chemi
cals
to th
e Gr
eat
Lakes
basin
(Stra
chan
and
Eisen
reich
,
1986
; l
987)
.
\
The objectives of the atmospheric component of the plan are to estimate
the contribution from atmospheric sources to the chemical loading of the
lakes. to quantify trends in deposition. and to provide information on the
presence/absence of toxic chemicals in the atmosphere within the entire
basi
n.
This
latt
er o
bjec
tive
, w
hen
fulf
ille
d,
woul
d se
rve
as
an e
arly
warn
ing
of e
merg
ing
atmo
sphe
ric
and
ecos
yste
m co
ncer
ns
with
in
the
Grea
t La
kes
Basi
n
- 1"~A J'— "«:L:rl
. c_
_ .
-..
.
.
»
Stat
es
Grea
t La
kes
Atmo
sphe
ric
Depo
siti
on
(GLA
D)
netw
ork
and
from
the
Cana
dian
Great Lakes Precipitation (GLP) network, is inadequate to meet the objectives
of t
he S
urve
illa
nce
Work
Grou
p as
dete
rmin
ed
in a
peer
revi
ew r
eque
sted
by t
he
Work Group and presentations at the IJC Biennial Meeting in July l985.
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The adequacy of each of the GLAD sites, with respect to precipitation
network siting criteria was reviewed during the summer of l985 (Murphy,
1987). This review resulted in a recommended upgrading and reconstitution of
the network. In March l985, the Ad Hoc Advisory Group on Atmospheric
Monitoring was established under the IJC Surveillance Work Group to develop
the atmospheric component. The group prepared a three stage plan containing a
monitoring as well as research and integration component. The plan was
presented to the Great Lakes Hater Quality Board in September, l985. In
January 1986, the Ad Hoc Advisory Group formed the nucleus of the newly
established Atmospheric Deposition Monitoring Task Force of the IJC, and its
membership and terms of reference were expanded. Its major task is to refine
and augment the atmospheric monitoring plan in the GLISP.
In the task force review of the atmospheric component, conclusions and
recommendations from three workshops in which selected members of the task
force played a role have been considered: l) Atmospheric Deposition Workshop
on Organic Contaminant Deposition to the Great Lakes Basin, held in November
1985 in Minneapolis, Minnesota; 2) AtmOSpheric Loadings of Toxic Chemicals to
the Great Lakes Basin, held in Scarborough, Ontario, October, l986 under the
auspices of the IJC (Strachan and Eisenreich, 1987); 3) Siting of Atmospheric
Monitoring Stations, held in Toronto, Ontario in March, l987 under the
auspices of the IJC. ‘
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IV. OBJECTIVES
Th
e
ov
er
al
l
ob
je
ct
iv
e
of
th
e
Ta
sk
Fo
rc
e
is
to
de
ve
lo
p
a
co
mp
re
he
ns
iv
e
pl
an
to
qu
an
ti
fy
th
e
at
mo
sp
he
ri
c
in
pu
t
of
se
le
ct
ed
ch
em
ic
al
co
nt
am
in
an
ts
to
th
e
Gr
ea
t
La
ke
s.
Sp
ec
if
ic
ob
je
ct
iv
es
ar
e:
To
de
te
rm
in
e
th
e
co
nc
en
tr
at
io
ns
of
se
le
ct
ed
ch
em
ic
al
co
nt
am
in
an
ts
an
d
nu
tr
ie
nt
s
in
pr
ec
ip
it
at
io
n
an
d
th
e
at
mo
sp
he
re
.
To
de
te
rm
in
e
th
e
an
nu
al
de
po
si
ti
on
of
th
es
e
ch
em
ic
al
s
to
ea
ch
of
th
e
la
ke
s
an
d
th
ei
r
as
so
ci
at
ed
la
nd
ba
si
s.
To
de
te
rm
in
e
te
mp
or
al
an
d
sp
at
ia
l
tr
en
ds
in
de
po
si
ti
on
of
se
le
ct
ed
ch
em
ic
al
co
nt
am
in
an
ts
.
To
de
te
rm
in
e
th
e
re
la
ti
ve
co
nt
ri
bu
ti
on
fr
om
ma
jo
r
so
ur
ce
s
or
so
ur
ce
re
gi
on
s
of
th
es
e
sp
ec
ie
s
to
de
po
si
ti
on
at
re
ce
pt
or
ar
ea
s
wi
th
in
th
e
Gr
ea
t
La
ke
s
re
gi
on
(s
ou
rc
e/
re
ce
pt
or
re
la
ti
on
sh
ip
s)
.
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V. STRATEGY FOR ASSESSING ATMOSPHERIC DEPOSITION
The Plan
A limiting constraint to determining atmospheric loadings to the lakes is
the inability to make measurements of deposition to the Great Lakes directly.
The desired assessment of pollutant fluxes from the air to the water surface
must necessarily be obtained indirectly. To meet this demand. a program that
combines field and laboratory experimentation with theoretical development is
required. The experimental part will provide basic information on the
characteristics of the atmosphere to which the Great Lakes are exposed, on the
processes controlling deposition to the lakes, and on related temporal trends
with time. The theoretical component is required to construct the necessary
integration, and to provide the predictive capability needed to assess the
consequences of various control strategies on inputs to the lakes.
The program consists of three phases of two years each encompassing
research and monitoring (Table 1). Phase I outlines research designed to
resolve scientific questions relating to measurement and environmental
processes and the development of interpretative models; the resolution of
these questions should provide the scientific basis for monitoring activities
at master (research) sites, one each in Canada and in the United States,
located in the upper and lower basins. Deliverables at the end of Phase I are
an assessment of atmospheric deposition methodology. including a design for
the routine monitoring network, and updated estimates of atmospheric
deposition to the Great Lakes. Nhile monitoring capabilities are being
enhanced, the Task Force strongly encourages the continuation of existing,
provide the data for ongoing evaluation of temporal and spatial gradients.
Phase II incorporates information from Phase I to initiate an abbreviated
monitoring network involving both master (research) and satellite (routine)
monitoring sites. Scientific questions on measurement and deposition
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A key feature of this plan is the establishment of master (research) sites
in Phase I which will focus scientific activities at particular locations.
However, measurements to evaluate the effects of spatial heterogeneity on
siting will be made at any appropriate site. and field studies to gain more
information on processes are envisaged. Emphasis will be given to the
development and testing of integrated models as well as process
parameterization. Data bases for environmental measurements and atmospheric
source emissions will be established. The major scientific questions to be
investigated maybe separated into those necessary for the establishment,
operation and maintenance of a monitoring network (measurement) and those
which pertain to estimating over-lake deposition based on shoreline
measurements (process).
Questions to be addressed for measurement purposes are: l) inland vs.
shoreline vs. open lake siting; 2) spatial variability; 3) temporal
variability; 4) quality assurance and quality control; 5) meteorological
method development; 6) analytical method development; 7) sampler method
development; 8) indirect indicators of atmospheric input; 9) source
identification; l0) site selection criteria; and ll) activities in surface
water in support of an atmospheric deposition plan.
Specific questions to be addressed to estimate the magnitude of
atmospheric deposition include: l) vapor/particle partitioning; 2) particle
deposition velocity as a function of particle size, receptor and meteorology;
3) mass transfer across the air/water interface: 4) solute partitioning
between dissolved and particulate forms in surface water; 5) rain and snow
scavenging of vapors and particles from the atmosphere; and 6) extension of
point measurements to lake and basin wide averages and totals.
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For the process related research activities. enhanced sites provide
locations for the development of capabilities to extrapolate from routine
measurement locations to over-water situations.
Two master sites should be established in Phase I of the Plan. One each
should be located in Canada and the United States. Location of the master
sites should take into account climatological and pollution gradients of the
Great Lakes basin. Master sites should be equipped withinstrumentation to
characterize and quantify the concentrations of selected components in the
atmosphere and precipitation.
Instrumentation will include samplers capable of characterizing the
distribution of chemical species between the vapor and particle phase in the
atmosphere and dissolved and particle phases in wet-only integrated (2 2
weeks) precipitation samples. Meteorological instruments should be available
to monitor wind speed and direction, temperature, humidity and rainfall
intensity on a continuous basis. Organic and inorganic contaminants to be
analyzed at the master site should reflect the composition of several lists of
critical pollutants and those crucial to the support of the research component.
Costs of the Plan
Phase I of the plan calls for the establishment of two (2) master sites,
one each in Canada and the United States. The master site will be equipped
with meteorological and atmospheric sampling instrumentation. The atmospheric
samplers should characterize atmospheric and precipitation concentrations of
selected organic constituents and surrogate measures of air quality. e.g.
Total Suspended Particulates (TSP) and Poly Cyclic Organic Compounds (POC).
The cost of Phase I master sites is separated into instrumentation,
operation and chemical analysis/data interpretation (Table 2). The cost of
instrumentation is estimated to be $55K per annum. Operational costs of the
master site are estimated to be $30K per annum. Chemical analysis/data
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interpretation costs are estimated to be $l25K per annum. Given the
establishment of two master sites in Phase I of the Plan, the cost of phase I
is estimated to be $850K over the two years of operation (Table 3). These
costs do not include support of necessary research on measurment and process
questions and development of integrated models. The cost of the research
program in support of the monitoring network is anticipated to be comparable
to the Phase I master site costs. The success of the plan requires support of
both the research and monitoring components. An example of the equipment
which might be deployed is given in Tables 4 and 5.
At this time, the number and geographical distribution of master and
satellite sites for full implementation of the plan is not known. The
instrumentation for the satellite monitoring site is estimated to be $35K.
$13K per annum for operation and $40K per annum for chemical analysis and data
interpretation. These sites will be equipped with somewhat less
instrumentation than the master site, will collect samples at a lower
frequency and will not generally provide a location for expanded research.
The estimated cost of a satellite site implemented in Phase II or III is $88K
per annum.
Assuming full implementation of an atmospheric monitoring network
consisting of four (4) master sites and twenty (20) satellite sites, the costs
of a Phase III network are $920K for equipment and $1680K per annum for
operation and analysis. These cost do not include research in support of
measurement and process questions. The intergrated, bi-national atmospheric
network will consist of two master sites and ten satellite sites in both
Canada and the United States. Locations selected for sampling sites should
consider climatological and pollution gradients (cold vs. moderate regions;
upper lakes vs. lower lakes).
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9,
Development and field
testing of snow collectors and all—weather
collectors should be continued. The possibility of using biological
indicators should be explored.
10. A uniform QA/QC procedure should be adopted and applied to all measurement
programs contributing data to the proposed network.
ll. A concerted effort to interpret network data on a continual basis must be
maintained.
l
Research ‘ j
l
l
l
l. The necessary theory and samplers to define toxic chemical distribution
between vapor and particle phases in the atmosphere must be developed.
2. The validity of current methods to infer concentrations and fluxes over
the lakes from land—based or shore-based measurements must be evaluated.
3. Theory and methods for estimating dry deposition of particles to the lakes
must be developed.
4. Theory and methods for estimating gas exchanges at the air/water interface
under varying environmental conditions must be developed.
Modeling/Synthesis
1. Numerical simulations should be developed to evaluate the influence of
lake breeze and topographically-induced circulations on patterns of
concentration and fluxes in the vicinity of urban centers and point
sources.
2. Models/transfer functions need to be developed to relate land—based
chemical fluxes to over-lake deposition, and to define a minimum network
to accomplish this goal.
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TABLE: 1: A PLAN FOR ASSESSING ATMOSPHERIC DEPOSITION TO THE GREAT LAKES:
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TABLE 4:
EXAMPLE OF EQUIPMENT TO BE DEPLOYED AT THE MASTER SITES
 
Number of
Description of Equipment
Sampling
Samplers Interval
1 Weekly
2 Biweekly
1 Event
3 24 hours“
l 24 hours
1 . 24 hours
1 Continuous
Aerochem Metrics automatic sensing wet/dry
precipitation collector (with standard Belfort
rain gauge) for the collecion of nutrients and
trace metals
Net-only integrating precipitation samplers with
resin‘ extration cartridges for the collection of
organic compounds
Net-only event precipitation sampler with a resin
extraction cartridge for the collection of organic
compounds
Hi—volume air samplers with filters and backup
adsorbent‘ and wind sector controllers for the
collection of organic compounds
Anderson four-stage cascade impactor with backup
adsorbent for the collection of organic compounds
Hi—volume sampler for the determination of total
suspended particles (TSP) and organic carbon (OC)
Meteorological equipment for continuous recording
of rain intensity and amount. temperature. relative
humidity, wind direction and velocity.
 
*Resins and adsorbents will be either XAD—Z, XAD-S, or Tenax.
*‘Air samples will be collected every sixth day.
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TABLE 5:
EXAMPLE OF EQUIPMENT TO BE DEPLOYED AT THE SATELLITE SITES
Description of Equipment
Number of Sampling
Samplers Interval
1 Weekly
2 Biweekly
2 24 hours**
1 24 hours“
Aerochem Metrics automatic sensing wet/dry
precipitation collector (with standard Belfort
rain gauge) forcollection of nutrients and trace
metals
Net-only integrating precipitation samplers with
resin‘ extration cartridges for the collection of
organic compounds
Hi-volume air samplers with filters and backup
adsorbent‘ and wind sector controllers for
collection of organic compounds
Anderson four—stage cascade impactor with backup
adsorbent for collection of organic compounds
*Resins and adsorbents will be either XAD-Z, XAD-S, or Tenax.
*‘Air samples will be collected every third day.
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